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8 JUL  1978 


Honorable  Brendan  T.  Byrne 
Governor  of  New  Jersey 
Trenton,  New  Jersey  08621 


Dear  Governor  Byrne: 

Inclosed  is  the  Phase  I Inspection  Report  for  Boonton  Dam  and  Parsippany 
Dike  Dam  in  Norris  County,  New  Jersey  which  has  been  prepared  under 
authorization  of  the  Dam  Inspection  Act,  Public  Law  92-367.  A brief  as- 
sessment of  the  dam's  condition  is  given  on  the  first  three  pages  of  the 
report. 

Based  on  visual  inspection,  available  records,  calculations  and  past  op- 
erational performance,  Boonton  Dam  and  Parsippany  Dike  are  judged  to  be 
in  good  condition.  However,  the  spillway  is  considered  to  be  inadequate 
as  the  Probable  Maximum  Flood  (P1IF)  would  overtop  the  dam  embankment  by 
1.1  feet  (spillway  gates  down)  or  1.5  feet  (spillway  gates  up).  With 
gates  down,  the  spillway  will  accommodate  approximately  1/2PHF.  The  dike 
would  not  be  overtopped  under  either  PMF  or  l/2PffF.  To  insure  adequacy  of 
the  structures,  the  following  actions,  as  a minimum,  are  recommended: 

a.  Hydrologic  and  hydraulic  investigations  and  engineering  studies 
should  be  initiated  within  three  months  of  the  date  of  approval  of  this 
report  to  determine  corrective  action  required  to  increase  the  capacity 
of  the  spillway  and  obtain  adequate  freeboard  to  prevent  overtopping  of 
the  dam.  Construction  of  an  improved  spillway  should  commence  in  calen- 
dar year  1979.  An  engineering  study  and  necessary  modifications  to 
automate  the  operation  of  the  bascule  gates  should  also  be  accomplished 
within  this  time  frame.  Due  to  the  potential  for  overtopping  of  the 
dam,  a detailed  emergency  operation,  drawdown  and  warning  system  should 
be  developed  by  the  owner  within  the  next  two  months. 

b.  Engineering  investigations  should  be  initiated  within  four  months 
of  the  date  of  approval  of  this  report  to  determine  the  need  for  post- 
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tensioned  tendons,  to  design  the  necessary  slope  protection  repairs,  to 
investigate  the  condition  of  the  gates,  to  install  piezometers  to  monitor 
pore  pressures,  to  monitor  the  seepages  from  the  south  embankment  and 
dike,  and  to  investigate  the  cause  of  the  sinkholes  downstream  of  the 
gravity  dam.  Any  corrective  action  deemed  necessary  as  a result  of  these 
investigations  should  be  initiated  during  calendar  year  1979. 


c.  Within  one  year  of  the  date  of  approval  of  this  report,  the  below 
noted  actions  should  be  initiated  and  substantially  completed: 

(1)  Removal  of  refuse  dump  at  toe  of  dam. 

(2)  Removal  of  trees  and  brush  from  the  embankment  and  replacement 
thereof  with  suitable  ground  cover. 

(3)  Clean  or  replace  screens  at  intakes. 

(A)  Establish  regular  observation  of  minor  surface  subsidences  in 
earth  embankment  extensions  and  seepages  at  surface  cracks  in  dam. 

Two  copies  of  the  report  are  being  furnished  to  Hr.  Dirk  C.  Hofman, 

Hew  Jersey  Department  of  Environmental  Protection,  the  designated  State 
Office  contact  for  this  program.  Within  five  days  of  the  date  of  this 
letter,  a copy  will  also  be  sent  to  Congresswoman  Millicent  Fenwick  of 
the  Fifth  District.  Under  the  provisions  of  the  Freedom  of  Information 
Act,  the  inspection  report  will  be  subject  to  release  by  this  office, 
upon  request,  thirty  days  after  the  date  of  this  letter. 


Additional  copies  of  this  report  may  be  obtained  from  the  National 
Technical  information  Services  (NTIS) , Springfield,  Virginia,  22161  at  a 
reasonable  cost.  Please  allow  four  to  six  weeks  from  the  date  of  this 
letter  for  NTIS  to  have  copies  of  the  report  available. 


An  important  aspect  of  the  Dam  Safety  Program  will  be  the  implementation 
of  the  recommendations  made  as  a result  of  the  inspection.  We  accordingly 
request  that  we  be  advised  of  proposed  actions  taken  by  the  State  to  im- 
plement our  recommendations. 


1 Incl 
A3  stated 


Cy  Furn: 

Mr.  Dirk  C.  Hofman,  P.E. 

Hew  Jersey  Dept,  of  Environmental  Protection 


2 


PASSAIC  RIVER  BASIN 


Name  of  Dam:  Boonton  Reservoir  Dam 

County  and  State:  Morris  County,  State  of  New  Jersey 

Inventory  Number:  NJ  00354 


Name  of  Dam:  Parsippany  Dike 

County  and  State:  Morris  County,  State  of  New  Jersey 
Inventory  Number:  NJ  00546 


PHASE  I INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 


Prepared  by:  O'Brien  & Gere  Engineers,  Inc. 

Justin  & Courtney  Division 


For:  United  States  Army  Engineer  District,  Philadelphia 
United  States  Custom  House 
2nd  & Chestnut  Street 
Philadelphia,  Pennsylvania  19106 


Date:  May  14,  1978 


* 


I 


PHASE  I REPORT 


NATIONAL  DAM  SAFETY  PROGRAM 


Name  of  DarmBoonton  Reservoir  Dam 
Parsippany  Dike 


State  Located  New  Jersey 
County  Located  Morris  County 
Stream  Rockaway  River 
Date  of  Inspection  April  14,  1978 


ASSESSMENT  OF 
GENERAL  CONDITIONS 


Boonton  Reservoir  Dam,  according  to  construction  drawings,  is  a 
masonry  gravity  structure  about  2,150  feet  long  and  120  feet  high  at 
its'  maximum  section.  A 300  foot  gated  spillway  is  constructed  at  the 
northern  end  of  the  structure.  The  masonry  dam  Is  extended  on  both 
ends  by  earth  embankments.  Parsippany  Dike,  a 3,200  foot  long  earth 
dike  with  a maximum  height  of  30  feet  is  located  at  the  southern  end 
of  the  reservoir  and  completes  the  Impoundment  facility. 


A visual  inspection  of  the  reservoir  complex  revealed  no  external 
evidence  of  structural  or  embankment  instability.  The  stone  facing  on 
the  non-overflow  section  of  the  masonry  dam  is  in  excellent  condition. 
However,  items  requiring  remedial  work  or  further  investigation  were 
noted  and  are  described  within  this  report. 


Limited  hydrological  and  hydraulic  investigations  of  the  watershed 
area  and  dam  were  performed.  In  accordance  with  the  Recommended 
Guidelines  for  Safety  Inspection  of  Dams,  the  Probable  Maximum 
Flood  (PMF)  was  developed  and  routed  through  the  reservoir.  The 
results  indicate  that  the  PMF  would  overtop  the  non-overflow  section 
of  the  masonry  dam  and  earth  embankments  by  1.1  feet  with  the 
spillway  gates  in  the  lowered  position  and  1.5  feet  with  the  gates  in 
the  raised  position;  the  PMF,  however,  would  not  overtop  the  dike. 
Further  analysis  indicates  that  the  spillway  could  accommodate 
approximately  the  $PMF  without  overtopping  the  dam  and  earth 
extensions  provided  that  the  bascule  gates  are  in  the  lowered  position. 


Stability  analyses  of  the  masonry  gravity  dam  (non-overflow  section) 
were  performed  with  consideration  of  seven  different  loading  con- 
ditions (See  Appendix  A-4B).  The  analyses  indicate  that  the  resultant 
falls  slightly  outside  the  middle  third  under  normal  loading  conditions 
and  significantly  outside  the  middle  third  under  severe  loading 
conditions.  Tensile  stresses  are  developed  in  the  upstream  face  under 
all  loading  conditions  analyzed.  The  analysis  also  indicates  that  the 
structure  appears  safe  relative  to  sliding  under  the  assumed  conditions. 
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Based  on  visual  inspection,  available  records,  calculations  and 
past  operational  performance,  Boonton  Dam  and  Parsippany  Dike 
are  judged  to  be  in  good  condition.  However,  the  spillway  is 
considered  to  be  inadequate  as  the  Probable  Maximum  Flood  (PMF) 
would  overtop  the  dam  embankment  by  1.1  feet  (spillway  gates 
down)  or  1.5  feet  (spillway  gates  up).  With  gates  down,  the 
spillway  will  accommodate  approximately  5FMF.  The  dike  would 
not  be  overtopped  under  either  PMF  or  fFMF.  To  insure  adequacy 
of  the  structures,  the  following  actions,  as  a minimum,  are  re- 
commended : 

a.  Hydrologic  and  hydraulic  investigations  and  engineering 
studies  should  be  initiated  within  three  months  of  the  date  of 
approval  of  this  report  to  determine  corrective  action  required 
to  increase  the  capacity  of  the  spillway  and  obtain  adequate 
freeboard  to  prevent  overtopping  of  the  dam.  Construction  of  an 
improved  spillway  should  commence  in  calendar  year  1979.  An  en- 
gineering study  and  necessary  modifications  to  automate  the  oper- 
ation of  the  bascule  gates  should  also  be  accomplished  within 
this  time  frame.  Due  to  the  potential  for  overtopping  of  the  dam, 
a detailed  emergency  operation,  drawdown  and  warning  system  should 
be  developed  by  the  owner  within  the  next  two  months. 


b.  Engineering  investigations  should  be  initiated  within 
four  months  of  the  date  of  approval  of  this  report  to  determine 
the  need  for  post- tensioned  tendons,  to  design  the  necessary- 
slope  protection  repairs,  to  investigate  the  condition  of  the 
gates,  to  install  piezometers  to  monitor  pore  pressures,  to 
monitor  the  seepages  from  the  south  embankment  and  dike,  and 

to  investigate  the  cause  of  the  sinkholes  downstream  of  the 
gravity  dam.  Any  corrective  action  deemed  necessary  as  a re- 
sult of  these  investigations  should  be  initiated  during  calen- 
dar year  1979- 

c.  Within  one  year  of  the  date  of  approval  of  this  report, 
the  below  noted  actions  should  be  initiated  and  substantially 
completed: 

(1)  Removal  of  refuse  dump  at  toe  of  dam. 

(2)  Removal  of  trees  and  brush  from  the  embankment  and 
replacement  thereof  with  suitable  ground  cover. 

(3)  Clean  or  replace  screens  at  intakes. 
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PHASE  I INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 
NAME  OF  DAMS  BOONTON  RESERVOIR  DAM  ID  # NJ00354 
PARSIPPANY  DIKE  ID#  NJ00546 

SECTION  I - PROJECT  INFORMATION 


1.1  GENERAL 

a.  Authority  - This  report  is  authorized  by  the  Dam 
Inspection  Act,  Public  Law  92-367,  and  has  been  prepared  in 
accordance  with  contract  #DACW  61-78-C-0052  between  O'Brien  and 
Gere  Engineers,  Inc.,  Justin  and  Courtney  Division,  and  the  United 
States  Army  Corps  of  Engineers,  Philadelphia  District. 

b.  Purpose  of  Inspection  - The  purpose  of  this  inspection  is 
to  evaluate  the  structural  and  hydraulic  conditions  of  Boonton 
Reservoir  Dam,  Parsippany  Dike,  and  appurtenant  structures,  and  to 
determine  if  the  dam  or  dike  constitute  a hazard  to  human  life  or 
property. 

1.2  PROJECT  DESCRIPTION  (Information  was  provided  by  Jersey 

City  Water  Works) 

a.  General  - Boonton  Reservoir  Dam  and  Parsippany  Dike 
are  located  on  the  Rockaway  River;  the  axis  of  the  main  dam 
intersects  the  southern  corporate  limits  of  the  town  of  Boonton  in 
Morris  County,  New  Jersey.  The  dam  and  dike  are  owned  and  operated 
by  the  Jersey  City  Water  Works  and  are  used  to  store  and  supply  water 
for  the  community  of  Jersey  City,  New  Jersey.  Construction  of  the 
impoundment  and  water  intake  works  began  in  1892,  and  the  entire 
project  was  completed  in  1905. 

The  main  dam  is  predominantly  a masonry  gravity  structure 
(cyclopean  masonry  construction)  extended  at  each  end  by  earth 
embankments  which  tie  into  the  abutments.  The  spillway  of  the 
masonry  dam  is  an  overflow  structure  equipped  with  a crest  hinged 
(Bascule)  gate  which  is  supported  at  midpoint  by  a concrete  and 
masonry  pier.  Parsippany  Dike  is  an  earthen  structure  with  a concrete 
core  wall;  the  dike  is  located  at  the  southern  end  of  the  reservoir.  The 
upstream  face  of  the  dike  consists  of  riprap  covered  with  a grout 
surface. 

In  order  to  meet  system  demands,  water  is  withdrawn  from  the 
reservoir  through  four  gates  located  at  two  levels  of  an  intake  tower. 
Four  butterfly  valves  located  in  the  lower  gate  house  structure  at  the 
toe  of  the  dam  are  used  to  control  the  flow.  Renovations  are  underway 
to  automate  the  water  supply  system. 
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Two  forty-eight  inch  diameter  pipes  are  located  through  the 
base  of  the  masonry  dam  and  are  used  periodically  to  flush  sediment 
from  the  reservoir  bottom. 


Bascule  gates  installed  on  the  spillway  crest  in  1955  are 
normally  raised  in  the  spring  of  each  year  to  increase  reservoir  storage. 
The  gates  are  lowered  in  the  fall  v/hen  additional  storage  is  not 
required. 


Routine  inspection  of  the  dam  is  conducted  by  operating 
personnel.  No  flood  warning  system  is  in  existence. 


b.  Dam  Size  and  Hazard  Classification  - The  maximum 
height  of  the  dam  is  approximately  120  ft..  The  reservoir  volume  to  the 
top  of  the  dam  is  about  32,000  acre  feet.  Therefore,  the  dam  is  in  the 
large  size  category  as  defined  by  the  Recommended  Guidelines  for 
Safety  Inspection  of  Dams. 

The  Boon  ton  Reservoir  Dam  is  located  upstream  of  a residential 
community  and  a significant  loss  of  life  and  damaqe  to  property  could 
be  expected  if  the  dam  were  to  fail.  Therefore,  the  dam  is  in  the  high 
hazard  category  as  defined  by  the  Recommended  Guidelines  for  Safety 
Inspection  of  Dams.  The  spillway  design  flood  required  for  hydraulic 
analysis  is  the  Probable  Maximum  Flood  (PMF). 


c.  Dike  Size  and  Hazard  Classification  - The  maximum 
height  of  the  dike  is  approximately  30  ft..  The  reservoir  volume  within 
this  range  is  about  14,000  acre  feet.  Therefore,  the  dike  is  in  the 
intermediate  size  category  as  defined  hv  the  Recommended  Guidelines 
for  Safety  Inspection  of  Dams. 


Parsippany  Dike  is  located  adjacent  to  a commercially 
developed  area  and  a significant  loss  of  life  and  damage  to  property 
could  be  expected  if  the  dike  were  to  fail.  Therefore,  the  dike  is  in  the 
high  hazard  category  as  defined  by  the  Recommended  Guidelines  for 
Safety  Inspections  of  Dams.  The  design  flood  required  for  hydraulic 


analysis  is  the  Probable  Maximum  Flood  (PMF). 


1.3  | PERTINENT  DATA 

a.  Drainage  Area  - According  to  United  States  Geological 
Surv;y  data,  the  total  drainage  area  contributing  to  Boonton  Reservoir 
is  atout  119  square  miles.  Several  impoundments  are  located  within  the 
drainage  area  which  serve  to  reduce  inflow  to  the  reservoir. 

b.  Discharges  at  Damsite  - According  to  the  records  of  the 
Jersey  City  Water  Works  (J.C.W.W.)  average  demand  varies  between  56 
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and  62  mgd  with  a peak  demand  of  75  mgd.  Spillway  flows,  with  the 
reservoir  at  maximum  pool  elevation,  (310.25),  are  approximately 
11,000  cfs  and  5,000  cfs  with  gates  in  the  lowered  and  raised  positions 
respectively.  The  maximum  average  daily  discharge  according  to 
J.C.W.W.  records  dating  from  January  1950  was  about  500  cfs  and 
occurred  on  April  8,  1969.  The  State  of  New  Jersey  DEP  requires  a 
minimum  discharge  of  7 mgd  (11  cfs)  for  low  flow  augmentation 
downstream. 

c.  Elevations  (above  MSL)  (from  drawings  supplied  by 

J.C.W.W.) 


Top  of  masonry  dam  and  earth  embankment  - 310.25 
Spillway  crest  (bascule  gates  lowered)  305.25 
(bascule  gates  raised)  - 307.25 
Top  of  dike  at  southern  end  of  reservoir  - 312.25 

d.  Reservoir  Data  (from  USGS  Quad  Sheets  - 7.5  minute 

series  and  drawing  provided  by  J.C.W.W.) 

Storage  (3  maximum  pool  (el.  310.25)  - 32,000  ac.ft. 
Storage  fa)  spillway  crest  (el.  305.25)  - 28,000  ac.ft. 
Storage  (a)  spillway  crest  with  bascule  gates 
raised  (el.  307.25)  - 29,500  ac.ft. 

Surface  area  fa)  maximum  pool  (el.  310.25)  - 850  ac. 
Surface  area  (a)  spillway  crest  (el.  305.25)  - 800  ac. 


e. 


Dam  Data  (from  drawings  supplied  by  J.C.W.W.) 
Masonry  Dam 

Type  - masonry  gravity  (cyclopean  masonry  construc- 
tion) 

Length  - 2,150  feet 


Height  - 120  feet 
Top  Width  - 17  feet 

Side  slopes  - upstream  - 1 horizontal:20  vertical  (below 
el.  255),  downstream  - .56  horizontal:!  vertical 
(below  el.  297.75) 


Earth  Embankment  Extensions  (from  drawings  supplied 
by  J.C.W.W.) 

Type  - earth  embankment 

Length-  south  embankment  - 500  feet,  north  embank- 
ment 600  feet 

Height  - 45  feet  maximum  (estimated  from  plan 
drawings) 

Top  Width  - 17  feet  (estimated) 

Side  slopes  - 2 horizontahl  vertical  (estimated  from 
plan  drawings) 

Impervious  Core  - No  information  available. 

Cutoff  - No  information  available. 
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Dike  At  Southern  End  of  Reservoir  (Parsippany  Dike) 
(from  drawings  supplied  by  J.C.W.W.) 

Type  - earth  embankment 
Length  - 3,200  feet 

Height  - 30  feet  maximum  (estimated  from  plan 

drawings) 

Top  Width  - 12  feet 

Side  Slopes  - 2 horizontahl  vertical 

Impervious  Core  -concrete  (to  el.  306.75) 

Cutoff  - concrete  (to  depth  determined  by  the  Engineer 
during  construction) 

f.  Outlet  Data  - (from  drawings  supplied  by  J.C.W.W.)  A 
water  intake  tower  is  located  at  the  masonry  dam  about  200  feet  from 
the  south  end.  The  tower  consists  of  parallel  risers  each  with  a 4 foot 
by  4 foot  gated  opening  at  elevation  268.75  and  a 8 foot  by  4 foot  gated 
opening  at  elevation  259.75.  Flow  from  the  intake  tower  is  regulated  by 
four  butterfly  valves  located  at  the  downstream  toe  of  the  dam  and  is 
released  to  the  water  supply  aqueduct  supplying  Jersey  City.  (See 
Figure  6) 

Two  forty-eight  inch  diameter  pipes,  extending  through  the 
masonry  dam  are  used  to  flush  bottom  sediment  deposits.  The  invert 
for  the  intake  is  at  elevation  205  and  the  discharge  elevation  is  201.88. 
Flow  is  regulated  by  two  thirty-six  inch  valves  in  series  in  each  pipe 
(See  Figure  5) 

g.  Spillway  Data  (from  drawings  supplied  by  J.C.W.W.) 

Type  - concrete  overflow  weir 

Length  - 300  feet 
Gates  - bascule 

Crest  Elevation  - bascule  gates  lowered  305.25 
bascule  gates  raised  -307.25 

Downstream  Channel  - The  downstream  channel  is 
surfaced  with  granitic  type  rock  set  in  grout.  An 
energy  dissapator  consisting  of  large  rocks  set  in  place 
has  been  constructed  about  400  feet  downstream  of  the 
dam. 

h.  Flood  Elevations  at  the  Dam  and  Dike  (Local  Datum) 
Flood  crest  elevation  were  developed  for  the  probable  maximum  flood 
with  the  bascule  gates  in  the  lowered  and  raised  positions.(See 
Hydraulic/HYdrologic  Section) 

PMF  Elevation  (feet) 

—bascule  gates  lowered  - 311.3 
--bascule  gates  raised  - 311.7 

i.  Engineering  Data  - The  engineering  data  made  available 
for  review  of  Boonton  Reservoir  Dam  included: 

--Survey  sheet  of  dam  and  impoundment  dated 
April  6,  1915. 
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--Sketch  showing  section  through  sluice  way  and  pro- 
posed new  36"  gates  at  end  of  same  dated  1914. 

— Parsippany  Dike,  general  plan  and  cross-sections 
dated  August  1,  1902. 

--Main  Dam  at  Boonton,  plans  of  intake  and  foundations 
of  lower  gate  house  approved  April  14,  1902. 

—Plan  showing  layout  of  dam  and  lower  gate  house  with 
new  piping  installation;  Boonton,  New  Jersey  dated 
September  21,  1934. 


The  drawings  reproduced  herein  were  provided  by  the 
J.C.W.W.  but  do  not  necessarily  represent  existing 
conditions  due  to  lack  of  updating. 


SECTION  2 - VISUAL  INSPECTION 
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2.1  FINDINGS 


a.  General  - The  field  Inspection  for  Boonton  Dam, 
Parsippany  Dike  and  reservoir^  was  conducted  on  April  14,  1978.  The 
air  temperature  was  about  50  F with  partly  cloudy  skies.  Wind  speed 
was  about  30  mph  at  reservoir  surface.  The  depth  of  water  flowing 
over  the  spillway  at  the  time  of  inspection  was  about  0.2  feet. 

No  underwater  areas  were  inspected. 

b.  Dam  - The  masonry  dam  is  a gravity  structure  of 
cyclopean  masonry.  The  alignment  of  the  dam  crest  appeared  straight, 
which  v/ould  indicate  no  significant  settlement  or  lateral  movement  of 
the  ttructure.  The  large  granitic  stones  used  for  the  facing  of  the 
structure  appear  to  be  in  excellent  condition.  Some  evidence  of  joint 
deterioration  was  found  in  the  stone  coping  on  the  south  side  of  the 
masonry  dam. 

The  concrete  serviceway  along  the  crest  is  cracked  and  has 
deteriorated  in  several  areas.  Pipe  extensions,  that  appear  to  be  filled 
with  grout,  were  found  at  three  locations  along  the  serviceway. 
However,  according  to  the  owner's  representative,  no  known  internal 
grouting  of  the  structure  has  taken  place. 

The  bascule  gates  located  on  the  overflow  spillway  were  in  the 
lowered  position  during  the  inspection.  According  to  J.C.W.W. 
personnel,  the  gates  are  operated  by  a manually  controlled  hydraulic 
system  and  only  raised  during  normally  high  runoff  periods  to  provide 
additional  storage  capacity  during  the  summer  months. 

The  gate  house  located  above  the  intake  tower  contains  the 
controls  for  the  four  sluice  gates.  The  equipment  is  antiquated,  and 
one  gate  whiuh  has  been  removed  is  corroded  and  in  very  poor 
condition.  Operating  personnel  indicated  that  it  was  difficult  to 
remove  the  qate:  The  shaft  had  to  be  flame-cut  in  order  to  complete 
the  task.  It  was  also  stated  that  the  screens  in  the  intake  area  are 
unable  to  be  cleaned  and  cannot  be  removed. 

Flowing  water  was  located  at  the  toe  of  the  masonry  dam  (non- 
overflow section)  at  the  south  embankment.  The  exact  source  of  the 
flow  was  not  apparent;  however,  flow  was  clear  and  estimated  at  two 
to  three  gallons  per  minute.  The  drain  channel  extends  for  about  150 
feet  and  terminates  at  an  area  where  random  fill  and  trash  has  been 
dumped.  This  fill  or  "dump"  is  located  between  the  lower  gate  house 
and  the  toe  of  the  dam. 


i 
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Water  was  observed  seeping  through  the  downstream  face  of  the 
masonry  dam  (non-overflow  section)  at  three  locations  between  the 
south  embankment  and  the  spillway.  The  seep  is  sufficient  to  keep  the 
stone  damp.  The  fill  adjacent  to  the  downstream  toe  for  most  of  the 
length  of  the  dam  is  in  a moist  condition  and  readily  settles  when 
subject  to  foot  traffic. 

A crack  in  the  jointing  was  located  on  the  downstream  face 
about  300  feet  from  the  north  embankment.  Water  is  seeping  from  the 
crack  at  a rate  to  keep  the  stone  moist. 

A number  of  sinkholes  in  the  toe  area  to  the  north  of  the 
spillway  were  noted.  The  largest  concentration  appeared  in  an  area 
approximately  thirty  feet  by  twenty  feet.  Operating  personnel 
indicated  that  they  were  aware  of  this  condition  and  have  monitored  the 
holes  in  an  effort  to  detect  indications  of  flowing  water.  The  sinkholes 
have  apparently  existed  for  a long  time  and  may  have  occurred  soon 
after  construction  was  completed.  Another  sinkhole  was  located  at  the 
toe  of  the  masonry  dam  (non-overflow  section)  just  south  of  the  bottom 
discharge  structure.  The  hole  was  about  three  feet  deep  and  twenty 
inches  in  diameter  and  appears  to  be  a result  of  surface  drainage.  No 
evidence  of  water  was  detected  in  any  of  the  sinkholes. 

Some  vegetation  in  the  form  of  vines  was  observed  on  the 
downstream  face  of  the  dam.  In  addition,  the  toe  area  was  fairly  well 
covered  with  brush  and  small  trees. 

Water  was  observed  discharging  from  a small  pipe  located  in  the 
bottom  discharge  structure.  According  to  operating  personnel,  the 
discharge  is  from  the  valve  chamber  located  within  the  dam  (see  Figure 
5) 

c.  Earth  Embankment  Extensions  - The  masonry  dam  (non- 
overflow  section)  is  extended  on  each  end  by  earth  embankments.  The 
downstream  slope  of  the  embankments  are  covered  with  grass  and  no 
indication  of  erosion  was  noted.  The  south  abutment,  however, 
contained  a number  (nine  were  counted)  of  holes  apparently  caused  by 
burrowing  rodents.  Operating  personnel  are  aware  of  this  problem  and 
are  actively  engaged  in  a program  to  eliminate  the  rodents. 

The  upstream  slope  of  the  embankment  is  protected  by  a facing 
of  grouted  riprap.  Failure  of  this  facing  was  noted  at  a few  areas  along 
both  embankments.  A subsidence  in  the  riprap  facing,  extending  into 
the  top  of  the  embankments,  is  noticeable  in  both  earth  embankment 
extensions,  approximately  fifty  feet  from  either  end  of  the  masonry 
dam  (non-overflow  section).  In  both  cases,  the  subsidence  is  not 
appreciable. 
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d.  Parsippanv  Dike  Parsippany  Dike,  an  earthen  structure 
approximately  3,200  feet  long,  is  located  at  the  southern  end  of  the 
reservoir.  The  upstream  slope  is  protected  by  riprap  covered  with  a 
grout  surface.  Wave  action  has  apparently  eroded  the  fill  just  below  the 
grouted  surface  material,  and  bridging  of  the  grout  surface  is  evident. 
This  bridging  has  broken  down  in  certain  areas  exposing  the  stone  and 
random  fill.  A few  small  holes,  probably  caused  by  rodents,  and  two 
small  tree  stumps  were  also  noted  along  the  crest. 

The  downstream  slope  is  grass  covered  along  most  of  its  length. 
A well  established  growth  of  brush  and  fairly  large  sized  trees  are 
located  on  the  downstream  slope  at  the  right  end  (looking  toward  the 
reservoir)  of  the  dike.  Seepage  and  moisture,  at  the  toe  of  the  dike, 
were  noted  in  localized  areas  for  a total  of  about  one  half  the 
embankment  length. 

e.  Reservoir  Area  - The  reservoir  perimeter  is  uninhabited 
and  access  to  the  reservoir  is  discouraged  by  fencing. 

f.  Downstream  Channel  - The  spillway  channel  is  lined 
with  rock  set  in  place.  An  energy  dissapator  is  constructed  about  400 
feet  downstream  of  the  dam.  The  immediate  area  below  the  dam  is 
sparsely  populated,  however,  the  community  of  Lower  Montville  is 
located  about  three  miles  downstream  of  dam  and  has  a considerable 
population  that  could  be  exposed  to  flooding. 

2.2  EVALUATION 


The  masonry  dam  (non-overflow  section)  shows  no  significant 
external  signs  of  deterioration.  The  large  surface  stones  used  in  the 
cyclopean  construction,  the  joints  and  the  joint  material  all  appear  to 
be  in  excellent  condition.  However,  the  upstream  surface  material  of 
the  earth  embankments  has  collapsed  in  certain  areas  of  the  dike  and  is 
showing  signs  of  deterioration  in  areas  along  the  extensions  of  the  main 
dam. 
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SECTION  3 - HYDROLOGY  AND  HYDRAULICS 


In  accordance  with  the  criteria  established  by  the  Recom- 
mended Guidelines  for  Safety  Inspection  of  Dams,  the  Spillway  Design 
Flood  used  to  evaluate  the  hydraulic  capabilities  of  Boonton  Reservoir 
Dam  is  the  Probable  Maximum  Flood  (PMF). 

The  PMF  was  calculated  from  probable  maximum  precipitation 
data  as  published  in  Hydrometeorological  Report  No.  33. 

The  rainfall  data  was  modified  to  account  for  basin  size  and 
storm  characteristics  by  using  standard  reduction  factors.  The  HEC  I 
computer  program  was  employed  to  develop  the  inflow  hydrograph  and 
flood  route  the  PMF  through  the  reservoir  facility.  Two  separate 
routings  were  performed:  The  results  indicate  that  the  dam  and  earth 
embankment  extensions  would  be  overtopped  by  1.1  feet  when  the 
bascule  gates  are  in  the  lowered  position  and  1.5  feet  when  the  bascule 
gates  are  in  the  raised  position.  The  peak  discharges  are  about  26,900 
cfs  and  26,800  cfs  respectively.  The  analysis  also  indicates  that  the 
PMF  would  not  overtop  the  dike  based  on  the  crest  elevation  shown  on 
the  drawings  provided  (see  Figure  7) 

A drawdown  analysis  was  performed  to  estimate  the  time 
required  to  drain  the  reservoir  by  means  of  the  bottom  discharge 
structure  (2  - 48  inch  diameter  pipes).  The  water  surface  was  assumed 
to  be  at  the  spillway  crest  (bascule  gates  lowered)  with  no  inflow  to  the 
reservoir.  Under  these  conditions,  the  estimated  time  to  drain  the 
reservoir  is  about  twenty-five  days.  This  represents  a minimum  time 
with  no  consideration  given  to  downstream  constraints  such  as  safe 
discharge  velocities  or  flows. 
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SECTION  4 - STRUCTURAL  STABILITY 


4.1  EVALUATION  OF  STRUCTURAL  STABILITY 


a.  Visual  Observation  - No  significant  indications  of 
structural  instability  were  noted  during  the  inspection  of  the  masonry 
gravity  dam,  earth  embankment  extensions  or  dike. 

b.  Design  and  Construction  Data  - Drawings,  design  data 
and  construction  history  relative  to  the  Boonton  Dam  and  Parsippany 
Dike  were  provided  by  J.C.W.W..  Cross  section  drawings  of  the 
masonry  dam  were  made  available,  and  the  maximum  section  was  used 
for  analyses.  Information  pertaining  to  the  design  of  the  spillway 
apparently  is  not  available. 

c.  Operating  Records  - Inspection  of  the  operating  records 
of  the  J.C.W.W.  revealed  reservoir  water  surface  elevations  dating  from 
to  1950.  The  maximum  water  surface  elevation  recorded  for  the  period 
of  record  is  307.89.  Operating  personnel  also  reported  that  layers  of  ice 
up  to  twenty-four  inches  in  thickness  had  developed  during  severe 
winter  weather  conditions. 

d.  Post  Construction  Changes  - The  original  piping  ar- 
rangement for  the  water  supply  system  was  revised  in  1934.  Renova- 
tions are  underway  to  automate  the  water  supply  system. 

Crest  hinged  (Bascule)  gates  were  installed  on  the  existing 
spillway  in  1955  to  increase  reservoir  storage.  Under  normal  operating 
procedures,  the  gates  are  raised  in  the  spring  and  lowered  in  the  fall. 

e.  Seismic  Stability  - The  dam  is  located  in  the  Triassic 
Highlands  physiographic  subprovince  of  northern  New  Jersey  and  is 
founded  on  fine  to  medium  grained,  red  sandstone  and  shale  of  the 
Triassic  Newark  Group,  Brunswick  formation  (lithofacies),  as  described 
on  the  Geologic  Map  of  New  Jersey,  1950. 

Rock  outcrops  were  observed  downstream  of  the  masonry  dam 
in  the  discharge  area  and  consists  of  medium  thick  to  thin  beds  of  red 
shale  and  sandstone  dipping  upstream  at  a shallow  angle.  No  bedrock 
was  observed  in  the  dike  area  location  at  the  southern  end  of  the 
reservoir. 

Although  the  dam  is  in  proximity  of  the  Ramapo  fault,  which 
trends  northeast-southwest,  crossing  the  Rockaway  River  approximately 
one  mile  upstream,  there  does  not  appear  to  be  any  seismic  stress 
related  problems  within  the  structures  inspected.  However,  since 
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recent  studies  have  indicated  an  increase  in  recorded  seismic  activity 
along  the  Ramapo  fault,  consideration  should  be  given  to  its  possible 
effects  on  the  stability  of  the  Boonton  Reservoir  Main  Dam  structure. 

The  dam  and  dike  are  located  in  seismic  zone  1,  as  shown  on  the 
Seismic  Zone  Map  of  the  Contiguous  United  States.  Under  the 
Recommended  Guidelines  for  Safety  Inspection  of  Dams,  further 
analysis  relative  to  seismic  loading  is  not  required  for  Phase  I 
investigation.  However,  due  to  the  proximity  of  the  Ramapo  fault,  a 
seismic  analysis  was  conducted  using  the  more  conservative  Seismic 
Zone  2 coefficient. 

Factual  data  pertaining  to  foundation  investigations  are  not 
available.  Therefore,  design  assumptions  concerning  foundation  rock 
characteristics  were  based  on  information  obtained  from  general 
geologic  maps  and  field  observations  made  during  the  course  of  the 
inspection. 

f.  Evaluation  - Analyses  of  the  structural  stability  of  the 
non-overflow  section  of  the  main  dam  considered  seven  different 
loading  conditions.  The  results  of  these  analyses  are  summarized  in  the 
appendix.  The  resultant  falls  slightly  outside  the  middle  third  for 
normal  loading  conditions.  Under  severe  loading  conditions  (earthquake 
and  PMF),  the  resultant  falls  a significant  distance  outside  the  middle 
third  of  the  base. 
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SECTION  5 - ASSESSMENT/RECOMMENDATIONS/REMEDIAL  MEASURES 


5.1  ASSESSMENT 


The  spillway  is  incapable  of  passing  the  PMF:  overtopping  of 
the  non-overflow  sections  of  the  main  dam  would  occur  for  about  forty 
hours  and  considerable  damage  to  the  earth  embankment  extensions 
could  reasonably  be  expected.  However,  the  spillway  appears  to  be 
capable  of  passing  the  |PMF  providing  the  bascule  gates  are  in  the 
lowered  position.  Parsippany  Dike  would  not  be  overtopped  by  the 
PMF  based  on  the  hydrological/hydraulic  computations  made. 

The  manual  operation  of  the  spillway  gates  significantly  reduces 
the  spillway  capacity  from  that  proposed  in  the  original  design  and 
severely  limit  the  ability  of  the  spillway  to  pass  major  flows  without 
overtopping  the  non-overflow  sections  of  the  main  dam. 

The  masonry  gravity  dam  (non-overflow  section)  is  considered 
structurally  adequate  under  normal  loading  conditions,  although  the 
resultant  of  forces  falls  slightly  outside  the  middle  third.  However, 
under  severe  leading  conditions  such  as  earthquake  and  PMF,  the 
resultant  of  forces  falls  a significant  distance  outside  the  middle  third. 

The  earth  embankment  extensions  and  dike  appear  to  be  stable 
although  the  upstream  facing  of  both  the  main  dam  embankment 
extensions  and  the  earth  dike  are  in  need  of  remedial  work. 

Seepage  was  noted  at  the  north  end  of  the  south  embankment 
and  in  localized  areas  along  the  dike.  These  flows  are  not  being 
monitored  according  to  operating  personnel. 

Sinkholes  were  located  in  the  toe  area  downstream  of  the 
masonry  gravity  dam  (non-overflow  section).  A detailed  investigation 
of  the  sinkholes  has  not  been  performed. 

There  is  no  procedure  for  drawdown  under  emergency 
conditions,  nor  is  there  any  system  for  flood  warning. 

5.2  RECOMMENDATIONS/REMEDIAL  MEASURES 


Additional  investigations,  remedial  measures  and  recommended 
actions  are  as  follows: 

1.  Install  post-tensioned  tendons  to  eliminate  tension  in 
the  upstream  face  of  the  masonry  dam  and  increase  the  overall 
structural  stability. 
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2.  Excavate  the  sinkhole  area,  located  near  the  down- 
stream toe  of  the  masonry  gravity  dam  (non-overflow  section),  to 
determine  the  cause  of  the  depressions  and  need  for  remedial  work. 

3.  Implement  a maintenance  program  to  repair  all  sections 
of  the  upstream  facing  of  the  earth  embankment  extensions  and  dike 
that  have  collapsed  or  show  significant  deterioration;  or,  in,  lieu  of 
this,  place  riprap  protection  on  the  upstream  face. 

4.  Develop  an  emergency  drawdown  procedure  that  could 
be  accomplished  in  a minimum  time  taking  into  consideration  all 
constraints  relating  to  allowable  downstream  flows  and  velocities. 
This  could  include  a flood  warning  system. 

5.  Continue  program  to  protect  against  damage  due  to 
burrowing  rodents. 

6.  Remove  refuse  dump  at  toe  of  dam. 

7.  Remove  trees  and  Crush  from  earth  embankment 
extensions  and  dike. 

8.  Install  several  piezometers  to  monitor  pore  pressures  in 
earth  embankments  and  Parsippany  Dike. 

9.  Initiate  a system  to  monitor  seepage  that  is  occurring 
at  the  toe  of  the  earth  embankment  extensions  and  Parsippany  Dike. 

10.  Clean  or  replace  screens  at  the  intakes  and  inspect 
gates  to  determine  condition  and  repairs  reguired. 

11.  Provide  for  automation  of  bascule  gates  in  order  to 
restore  full  spillway  capacity  during  high  runoff  and  also  allow  for 
maximum  storage  when  desired. 
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EMBANKMENT  DAMAGE  BY  BURROWING  RODENTS 
AT  SOUTH  END  OF  DAM 


Plate  1 


DISLOCATION  OF  GROUTED  RIP  RAP  SLOPE  PROTECTION 
AT  NORTH  END  OF  DAM 


FAILURE  OF  SLOPE  PROTECTION  AT  DIKE  ALONG  THE 
SOUTHERN  END  OF  THE  RESERVOIR 
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. Calvarese  - Chief  Structural  Engineer,  U.S.  Army  Corps  of  Engineers,  Philadelphia  District 
. Brozowski  - Supervising  Principle  Engineer,  Jersey  City  Water  Works 
. 'Plastoris  - Watershed  Superintendent,  Jers'ey  City  Water  Works 
. Woscyna  - Civil  Engineer,  New  Jersey  Department  of  Environmental  Protection 
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VISUAL  EXAMINATION ; OBSERVATIONS 


A water  surface  elevation  indicator  is  The  indicator  system  is  old  but 

located  in  the  upper  gate  house.  appears  to  be  operational. 
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SHEAR  STRESS*  100.00PSI  SHEAR  WIOTH*  8O.60FT,  FRICTION  FACTOR*  .58 
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FOUNDATION  REACTION  PRESSURES ••••*•* TOE*  130. VO  PS  I • »**HEEl = -2A.67  PSt 
OVERTURNING  FACTOR  OF  SAFETY*  1.3& 

SLIOIHG  FACTOR  OF  SAFETY*  .72 
OEVELOPEO  FRICTION  FACTOR  INO  SHEAR!*  .81 

SLIDING  WITH  SMEAR  FACTOR  OF  SAFETY*  3.0&ISHEAR  ACROSS  FULL  RASE  HIOTHI 
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